The paper investigated the possibility of measuring the resistive physical quantity generator using deterministic chaos based RL-diode circuit. A generalized structure of the measuring device using a deterministic chaos signal generator. To separate the useful component of the measurement signal of amplitude detector is proposed to use. Mathematical modeling of the RL-diode circuit, which showed a significant effect of the barrier and diffusion capacity of the diode on the occurrence of deterministic chaotic oscillations in this circuit. It is shown that this type deterministic chaos signal generator has a high sensitivity to a change in output voltage resistance in the range of 250 Ohms, which can be used to create the measuring devices based on it.
INTRODUCTION
The increasing complexity of processes leads to the need of identifying a large number of parameters and physical quantities, while the role of measurement is significantly increasing. Automation of complex production processes is associated with different transducers, providing reception of operational measurement information at an appropriate level and efficient management process. The most common are parametric resistive transducers of physical quantities (contact resistance, photo-resistance, electro-resistance, thermos-resistance). Most of them are necessary to provide practice of metrological characteristics must be converted fairly small changes in the output resistance. Therefore, it leads to increased random noise on the useful signal, thereby increasing random error measurements. Therefore, increasing the sensitivity of resistive transducers while providing a low level of random noise is an actual problem. An important scientific discovery is the discovery of deterministic chaos in dynamic systems 1, 7 . The essence of this discovery lies in the fact that a fully defined (deterministic) dynamic system, in the absence of any accidental influences on her, begins to behave in unpredictable (chaotic) way. However this unpredictability (randomness) upon closer examination is possible to identify a number of regularities in the behaviour of the system and distinguish this phenomenon from the classical stochastic processes. Although it has chaotic characteristic, when in practice prediction of the state of the system at any given time is only statistical, the process in these systems is significantly different from conventional statistical noise. It is characterized by those path points which are uniformly filled with a certain amount of the phase space and a continuous noise spectrum has no distinct lines. The phase portraits of systems with deterministic chaos have a complex non-uniform spatial structure and some general properties, and there are explicit harmonics in the continuous spectrum. The fundamental properties of such systems is extremely high sensitivity of chaotic process to change the internal parameters of Deterministic Chaos Signal Generator (DCSG). Let's consider the method of measurement of physical quantities, which is based on the use of DCSG. It is based on use as a measuring circuit nonlinear electrical circuit in deterministic-chaotic oscillations mode. Measuring sensor of the physical quantity is connected to the circuit Parker T., Chuang L. Measurement method using the properties of nonlinear dynamical systems DCSG so that its initial value is the value of one parameter DCSG. Using this method measuring information is the realization of a random process, which is removed from the DCSG, and which is subsequently supplied to the processing computer unit 2, 3 . In order to get estimation of the DCSG parameter we can use any stable structure characteristics of a deterministic chaos (the amplitude of the oscillations in all the variables of the phase space, Hausdorff dimension, Kolmogorov entropy, Lyapunov exponents, the average time predictability of chaotic systems, etc.) 3 . The algorithm for determining the value of a physical quantity is to get numerical evaluation of the selected characteristics according to the removal chaotic implementation. Measuring tools, based at the DCSG, will have a conversion function as a function of dependence of the characteristics of the attractor DCSG on measured physical quantity (as it is uniquely determined by the parameter DCSG). The main advantage of this method is the ability to build measuring devices on its base, which are more sensitive than existing. The method is suitable for measuring any physical quantity, provided that there is a presence of a sensor of this value with the output signal in the form of voltage or current, and parametric sensors that measure physical quantity is converted into a corresponding change in resistance, capacitance or inductance. Fig. 1 shows generalized block diagram of the measuring device on the basis of DCSG that is consists of two parts: the DCSG, which sensor is connected to the measured physical quantity, and a computing device that implements algorithms for determining DCSG parameter. Sensor connected to the measuring circuit DCSG so that its output value changes one DCSG parameter. From DCSG chaotic signal goes to a computing device, which determines the deviation of certain parameters on the basis of DCSG and pledged graded characteristics calculates value of the measured physical quantity. Selecting DCSG practical implementation it is necessary to take into account a number of factors: ease of implementation, the availability of the range of variation of parameters, which provide the chaotic regime, a mathematical model that allows you to simply simulate the chaotic process. A further object of the study is DCSG based on high-frequency RL-diode circuit which is shown in Fig. 2 4 . This is a non-autonomous generator because the scheme consists of a linear-chain RL and it's connected in series with a diode D and a source of alternating voltage. The emergence of non-linear chaotic oscillations is determined by the parameters of the circuit in this simple system. Let's analyze the causes and conditions of occurrence of chaotic oscillations in RL-diode circuit 5 . To do this we should firstly consider the equivalent circuit of the diode 6 . The equivalent circuit of the diode in the small signal mode (in the most general case) is presented in Fig. 3 . According to this scheme, the diode is connected in parallel nonlinear resistor Rd and a nonlinear two tanks -barrier Cj and a diffusion Cd. The barrier capacitance is determined by the formula
DETERMINISTIC CHAOS SIGNAL GENERATOR
where Cj0 -is a barrier capacitance zero-voltage diode; U -is a voltage diode; UD -is a diffusion voltage diode; n -is a technological coefficient lying in the range ( Consider the processes occurring in the RL-diode circuit (Fig. 4) , when it is applied to the input sine wave. In the most general case the equivalent circuit of the circuit shown in Fig. 4 . This circuit comprises three non-linear elements simultaneously: the resistor Rd, barrier capacitance Cj and the diffusion capacitance Cd. At the same time, the resistance of the resistor depends on the diode current and voltage-dependent capacitance diode. We set up a system of equations of Kirchhoff's laws for the circuit shown in Fig. 5 . In this case, we assume that the resistor Rd current flows i1 by capacity Cj -i2, and on the capacity of Cd -i3. Since the voltage at the same containers, which we denote by UC.
After similar terms we obtain the final expression for the second order differential equation, which governs the operation of the above circuit
We provide the solution to this differential equation by the operating method in general. The operator equation 2nd Kirchhoff's law for this circuit is given by
where Zd(s) -complete operator resistance equivalent circuit of the diode, which is calculated by
Then the operator an image of the current circuit is calculated by ( ) ( ) ( ) ( )
Obviously, because of the significant non-linearity Zd(s), generally we can not receive the original circuit i(t). Therefore let's solve the problem in numerical form for one of the types of diodes and specific values e(t), R, L. Let: 
3. Calculate the original transient response hi(t). 4. Calculate the amount of current at the end of each time interval using the Duhamel integral by the formula ( ) ( ) ( ) ( ) . 
then refine the parameters Rd, Cj and Cd. 6. Go back to the 2nd paragraph of the algorithm and repeat the calculation as long as the value udk is almost the same as the previous iteration. According to the results of calculation of the dependence we calculated that U2=f(U1), where U2=IR.
NUMERIC EXPERIMENTS
U2=f(U1) dependence for proposed model is shown in Fig. 6 . From this graph it is clear that the above circuit parameters mode it is chaotic oscillations. They also calculated the mode chain for other values of inductance and frequency, in order to assess the effect of these parameters on the nature of chaotic oscillations. Dependency graphs U2=f(U1) are shown accordingly in Fig. 7-8 . Analysis of attractors that is shown in Fig. 6-8 shows that the diode circuits RL-sinusoidal current if the oscillation period commensurate with the time constant of the transient situation may occur when the end of the current in the circuit does not decay to zero and a new period begins with non-zero initial conditions. At the same time, due to a significant nonlinearity of the equivalent circuit parameters of the diode in the circuit there is virtually undamped transient, which takes the form of chaotic oscillations. Scale of the attractor increases with increasing of the inductance of the circuit. In the case of increasing the frequency of the input voltage we see the tendency of some attractor towards negative voltages. The software package has been executed Multisim circuit RL-diode of DCSG (R=2kΩ, L=50mH, D-1N4531), shown in Fig. 9 . For implementation of impedance conversion into a DC voltage output DCSG (out) we connect an amplitude detector (Fig. 10) . As the transducer resistive of physical quantity a variable resistor R is used. Fig. 11, 12 plot the output voltage of the resistor R is the voltage sensitivity to the change in the resistance R. 
CONCLUSIONS
1. The possibility of measuring the resistive physical quantity by DCSG is researched. It is shown that DCSG-based RLdiode circuit has a high sensitivity to a change in output voltage resistance in the range of 250 oms, which can be used to create the measuring devices based on it.
2. Mathematical modeling of the RL-diode circuit, which showed a significant effect of the barrier and diffusion capacity of the diode on the occurrence of deterministic chaotic oscillations in this circuit.
